The distribution of the dark keeled form of Lotus corniculatus in Western Europe is described. Although there is an association between the frequency of the dark keeled form and latitude in England and Wales, no differences between the dark keeled and light keeled forms in the winter survival or in seed production were found under experimental conditions. Furthermore, there appears to be no association between cyanogenesis in the leaves and keel colour, either on a per plant or on a population basis.
INTRODUCTION
DURING studies on the geographical distribution of the cyanogenic form of Lotus corniculatus L. (Jones, 1972 (Jones, , 1973 plants have also been scored for the colour of their keel petals. Because these plants clone readily it was essential to have a phenotypically stable marker to distinguish between individual plants growing closely together. Yellow versus brown-red keel colour provided a convenient marker. The difference is determined by a pair of alleles inherited in a tetrasomic manner, brown-red keel being dominant (Hart and Wilsie, 1959) . In cultivated material, however, Buzzell and Wilsie (1963) and Bubar and Miri (1965) have reported that at least one locus which is involved in the control of cyanogenesis in leaves is also involved in the expression of keel colour. Plants homozygous for a recessive allele at a suppressor locus are acyanogenic and also have a yellow keel tip. We might expect, therefore, that the frequency of cyanogenic plants would be correlated with the frequency of dark keeled plants and also that we would find an excess of cyanogenic dark keeled and acyanogenic light keeled plants over the other two phenotypic combinations in natural populations.
Populations in Western Europe are usually polymorphic, the brown-red keel phenotype being less common than the yellow. Although Harborne (1969) has identified two flavonols in the flowers of L. corniculatus, the exact chemical difference between light and dark keels has yet to be determined.
This report presents population data and shows the lack of relationship between the characters of keel colour and cyanogenesis in the wild.
METHODS
Systematic plant sampling has been used for this work (Jones, 1977) and individual plants were often scored both for their keel colour and for 39/3-A 313 cyanogenesis. Seed samples were collected using the method described previously (Jones, 1977) . When sampling plants one flowering head is collected from each plant and the sample is usually scored immediately after collection. If necessary, flowers can be kept in a "polythene" bag at room temperature for 2 or 3 days, and for even longer at 4°C with no apparent deterioration in their keel colour. There is no difficulty over distinguishing yellow (light) from brown-red (dark) keels, but a subjective division of the latter class into pale and deep brown-red is possible. This distinction was made at the beginning of the work and reference to standard plants growing in the glasshouse was made for keels of doubtful classification.
For the purposes of this report we shall be concerned primarily with the yellow/brown-red distinction and not with the sub-division of the brown-red class. Repeated examination of several thousands of individual plants growing in the glasshouse or experimental field has led us to the conclusion that the character is phenotypically stable. No plant has been recorded as having changed phenotype either from dark to light or vice versa.
Rsuurs AND DISCUSSION
The full population data are presented in tables la to ld and a selection of them is plotted on the map of fig. I . The details about the location and the altitude of the population samples have been given in earlier papers on cyanogenesis in L. corniculatus (e.g. Jones, 1977) .
There is strong evidence that the frequency distribution of the dark keeled form in England and Wales is clinal, there being a significant regression (b = 0.039) of frequency on latitude ( Experiments on winter survival and seed production by plants of the four basic phenotypes associated with cyanogenesis have been described previously (Jones, 1970) . The plants used for those experiments were chosen at random from 995 plants grown from seed collected in Britain and in Scandinavia. They had also been scored for keel colour before the experiment began and so it is legitimate to re-analyse the data for keel colour alone, ignoring cyanogenesis. These plants have been classified into the three phenotypes of deep, pale and light keel colour for the analysis of variance for winter survival on the one hand and overall survival on the phenotypes fixed and habitats regarded as random for this analysis, it can be concluded that there are no effects either of the phenotype or of the origin of the plants on survival. It will be noticed that the mean square for habitats in this table is not the same as that published previously (Jones, 1970) . Because the data comprise disproportionate numbers, a weighted interaction item is calculated and the main effects sum of squares corrected accordingly (Snedecor and Cochran, 1967) . Consequently the habitat sum of squares will be different and, indeed, with respect to overall survival it it not significant on this occasion.
In Whether or not there is a differential effect of the origin of the plants on the seed production of dark and light keeled plants, it is clear that the large differences between plants within a phenotype/habitat class indicate that the plants have not been classified, for this analysis, in a way which can explain the major causes of differential seed production. On the other hand, there is some evidence, in cultivated material, of genetic differences between plants for the fitness character of seed production (Albrechtsen, 1965) . As with the data presented previously (Jones, 1970) , the within-clone mean squares are consistent over the three analyses. Thus the plants which did not produce seeds were a random sample of the total number examined.
There is independent evidence that the putative interaction between keel colour and origin may be worthy of further study. All 995 of the original plants from Britain and Scandinavia were scored for keel colour. This cannot be the explanation for the increase in the frequency of the dark keeled form in successive seed samples collected at Rounds Green (table 8) because all the plants raised from these seed samples were grown in the same glasshouse and at the same time and, as has been stated before, the character is phenotypically stable. There is another and more important conclusion to be drawn from table 8. The excessive production of seeds which give rise to dark keeled plants should lead to a marked increase in the frequency of the dark keeled plants in this population. Over the 4-year period 1966-70 Comparison between the frequency of the dark keeled form in plant and seed samples taken from the same population at the same time L. corniculatus is an outbreeder (e.g. Dawson, 1941) and seed yield depends markedly on bees that collect pollen rather than nectar (Bader and Anderson, 1962) . The results of the experiments on seed production suggest that the character of keel colour has little if any effect on the overall behaviour of pollinating insects. Studies on the role of pollinating bees will be discussed in a later paper on keel colour (Jones et. al., in preparation) .
(ii) Keel colour and cyanogenesis It was suggested in the introduction to this paper that there should be a correlation between the frequency of cyanogenic and dark keeled plants (Bubar and Miri, 1965) and that, within a population, there should be an excess of cyanogenic dark keeled and acyanogenic light keeled plants over the other two phenotypic combinations. The work of Ellis, Keymer and Jones (1977) has shown, however, that any correlation must be interpreted with more than the usual caution because they found that some plants have fixed and others have variable cyanogenic phenotypes. Inspection of the data in table 1 suggests that the most likely samples to show a correlation are those collected inland from the dunes in the Netherlands. Using arc sine transformation of the percentage data the correlation coefficient is T(g] = 059 (P > 005), and so we can conclude that the frequency of the dark keeled form is not correlated with the frequency of the cyanogenic form at the time that the plants were tested for cyanogenesis. On the other hand, we cannot exclude the possibility that at other times of the year there may be a correlation, because of the variable expressian of the cyanogenic phenotype. In an earlier paper Bubar (1958) described the growth conditions of his experimental plants. These were raised in field nurseries during the summer and transferred to glasshouses during the intervening winters, but he makes no mention of the time of year when he tested plants 
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The frequency of the dark keeled plants grown from the seed samples collected in 1966 was, in all comparisons, significantly greater than the frequency amongst the plants. for cyanogenesis and so direct comparison between his work and ours is hazardous.
The within-population comparisons are more difficult to make. It is clear that any sample which is not polymorphic for one or other of these characters contributes no information at all. The criteria used for including data in table 9 were (a) that the sample size should be at least 45 and (b) that the rarest morph should occur at a frequency of at least 20 per cent. Analysis of x2 (table 9) shows that there is no association between keel colour and cyanogenesis within populations on an individual plant basis and there is no evidence that the populations differ in this respect, -135 (P>0•90).
Note that to be included in table 9 a plant must have been scored both for keel colour and for cyanogenesis. Some plants that were tested for cyanogenesis were not flowering and consequently the frequency of cyano-genic plants calculated from the data in table 9 will not necessarily be the same as that in table 1.
In an earlier paper (Jones, 1977) it was argued that the dine for cyanogenesis in the Netherlands could not be compared with dines in other organisms because the latitudinal effect was confined to the Netherlands. With the dine in England and Wales for keel colour the same argument applies, although two other examples have been described in detail. Unfortunately, it is not known whether the dines for papillae on the seeds of Spergula arvensis L. (New, 1958) and for spotting on the leaves of Arum maculatum L. (Prime, 1955) occur on the mainland of Europe. New obtained experimental evidence that non-papillate seeds germinate more rapidly than papillate seeds at 13°C whereas the reverse is true at 21°C. Non-papillateseeded plants produce a lower proportion of fertile capsules than papillateseeded plants when grown at 21°C. Non-papillate-seeded plants wilt and die at the higher temperature and low humidity (55 per cent), whereas papillateseeded plants grow normally under these conditions. Prime (1955) has shown that the var. immaculatum of Arum maculatum is at a selective disadvantage with respect to seed output and yet var. irnmaculatum is by far the commoner form in England and Wales. He suggests that differences in vegetative reproduction may account for the greater frequency, hut he found very great variation between corms in this respect quite irrespective of leaf spotting.
The dine for keel colour cannot be compared directly with either of these examples, but the work by New strongly suggests that cloned plants of L. corniculatus should be subjected to different temperature regimes to determine whether there is a differential effect on seed production and seed viability.
In the INTRODUCTION it was explained that this work arose out of studies of cyanogenesis in the leaves of L. corniculalus. It has been known for many years, however, that the petals of L. corniculatus may be cyanogenie (Guerin, 1929) . We have found that the four phenotypes relating to cyanogenesis in leaves can be cross-classified with the same array of phenotypes in flowers.
In a large group of plants growing near Birmingham (England) all 16 phenotypic combinations occur (table 10) , but not at the frequencies 
